The mean time to union was 17 weeks (range 14-28) and 18 weeks (range 16-32) in the PFLP group and ABP group, respectively. Implant failure and/or nonunion was observed in two patients (10%) in the PFLP group and in three patients (12%) in the ABP group. There was no statistically significant difference between the groups with regard to the Harris hip scores, time to union, need for reoperation due to mechanical problems, and complication rates (p>0.05). Conclusion: Our study results show that these two fixation methods seem to produce similar results in the treatment of reverse intertrochanteric fractures with greater trochanteric comminution. However, we suggest that ABP still remains as a good choice with less expense in such fractures.
The debate with regard to the treatment of reverse [AO/OTA (Arbeitsgemeinschaft für Osteosy nt hes ef ragen/Or t hoped ic Trau ma Association) 31-A3] fractures of the proximal femur continues to exist. [1] [2] [3] [4] [5] [6] [7] [8] Recently, intramedullary nails have become widely accepted in the treatment of these fractures due to their biomechanical superiority. [7, 9, 10] However, there are some challenges in the placement of nail and providing the reduction in these fractures, when the fracture line extends to the greater trochanter, particularly. Furthermore, complications including secondary trochanteric or femoral shaft fractures, peroneal nerve palsy, malrotation, instability, varus deformity, delayed union and nonunion can be observed in cases with the comminution of greater trochanter. [7, 9, 11] Extramedullary implants are useful to minimize problems such as superior gluteal nerve injury, associated abductor weakness, and heterotopic ossification, which may likely to complicate intramedullary nailing. [2, 12, 13] Although successful results were reported with the use of the traditional 95º-angled blade plate (ABP), [4, 11, 12] the development of secondary varus collapse, cut out, and failure in these plates were observed. [4, 11, 12, 14] Recently, the proximal femoral locking plates (PFLPs) which have a fixed-angle stable construct and high pull-out strength have been developed to minimize possible complications in such fractures. [2, 3, 5, 6, 8, 15, 16] Biomechanical studies indicate that PFLP provides either more axial stiffness, [17, 18] less torsional stiffness, [17] or similar results [19] compared to ABPs. On the other hand, PFLPs are three times more expensive compared to ABPs. Furthermore, despite the successful studies with the use PFLPs in pertrochanteric femoral fractures, [2, 16, 20] high failure rates have been reported. [3] To the best of our knowledge, there are no studies comparing PFLP and ABP in AO/OTA 31-A3 reverse intertrochanteric fractures with fracture line extending to the greater trochanter. The aim of this study was to compare the results of PFLP and ABP in the treatment of AO/OTA 31-A3 fractures of the proximal femur.
PATIENTS AND METHODS

Study design
A total of 52 patients who had been treated with the PFLP or ABP due to reverse fractures of proximal femur with fracture line extending to the greater trochanter (AO/OTA 31-A3) between 2007 and 2012 were retrospectively analyzed. Of these, two patients who died due to comorbidities and six patients who were lost to follow-up were excluded. A total of 44 patients were included in the study. Of those, 20 patients (17 males, 3 females, mean age 49 years, range 17 to 72) were treated with PFLP (PFLP group) and 24 patients (19 males, 5 females; mean age 45 years; range 18 to 68) were treated with 95°-APB (ABP group). In addition, patients with the followings were excluded from the study: pathologic fractures, rheumatoid arthritis treated with prolonged corticosteroid therapy, and missing follow-up.
In the PFLP group, one patient had Gustilo and Anderson [21] grade open 1 fracture, and two patients had grade 2 and in the ABP group.
In the PFLP group, the Locking Proximal Femur Plate (LPFP, Tıpmed, İzmir, Turkey) were used. In the ABP group, 95o-angled blade plate (95° Açılı Plak, Hipokrat, İzmir, Turkey) were used.
Surgical technique
Surgery was performed with the patient supine on a radiolucent operating table. A straight lateral incision was made after the top of the greater trochanter palpated by the surgeon's index finger. To preserve the vascularity of comminuted fractures, small fracture fragments and medial side of the femur was protected. Reduction was performed before fixation. Then ABP or PFLP were inserted.
On the second day, patients were initiated to mobilize twice a day. Partial weight bearing was allowed at four weeks and was gradually increased as tolerated.
Patients were evaluated both clinically and radiographically at three, six, and 12 months postoperatively, and then till last follow-up. Using anteroposterior (AP) and lateral radiographs of the involved proximal femur region, fracture reduction and position of the implant were assessed. Quality of the reduction was classified as anatomical (<5 degrees of varus, valgus, anteversion or retroversion), acceptable (5-10 degrees) or poor (>10 degrees). [7] Fracture healing was assessed radiographically and was stated by documented healing of three of four cortices in the two radiographic planes. [22] All patients were followed until complete union or a revision surgery was performed. Overall health before injury were determined by calculating the diverse comorbidities of the patients according to the American Society of Anesthesiologists (ASA) classification. [23] Hip function was evaluated with the Harris hip score. [24] Comparison of angled blade plate locking plates
Statistical analysis
Statistical analysis was performed using the SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA). The Student t-test was used to identify differences between the independent groups. A Chi-square test was used to compare categorical variables. All statistical tests were two tailed, and a p value of <0.05 was considered statistically significant.
RESULTS
The mean follow-up in the PFLP group was 24 months (range 18-30) and 28 months (range [19] [20] [21] [22] [23] [24] [25] [26] in the ABP group. The mean time to union was 17 weeks (range [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] in the PFLP group ( Figure 1 ) and 18 weeks (range 16-32) in the ABP group (Figure 2) . The mean ASA score was 2.7 and 3.1 in the PFLP and ABP groups, respectively. There was no difference in time to union, and ASA scores between the groups (for both; p>0.05). Radiological results were similar in both groups (p>0.05) ( Table I ). The mean Harris hip score was 74.34 (range 62-94) in the PFLP group and 70.22 (range 56-92) in the ABP group. There was no significant difference in the Harris hip scores between the two groups (p>0.05) (Table II) .
Nonunion was observed in two patients (10%) in the PFLP group and three patients (12%) in the ABP group. Nonunion following the plate fracture was observed in two patients in the ABP group. Revision was performed followed by ABP and intramedullary nailing. Union was achieved in these patients. Plate cut-out was observed in one patient in the ABP group and treated with total hip arthroplasty. Nonunion was observed in two patients in the PFLP group after screwcut-out and plate fracture, and treated with total hip replacement followed by ABP. In each group, one patient had delayed union. Both patients had open fractures. However, in those two cases, the fractures healed without any need for an additional surgical procedure. There were two cases of malunion in the ABP group and one case in the PFLP group. Superficial infection was encountered in one case in the PFLP group and in two cases in the ABP group. They both recovered with local wound care and antibiotic treatment. There was no difference in the rate of implant failure and complications between the two groups (for each; p>0.05).
DISCUSSION
In the present study, we compared the PFLP and ABP results in the treatment of AO/OTA 31-A3 intertrochanteric fractures with fracture line extending to the greater trochanter. We obtained similar results in terms of, time to union, Harris hip score, implant failure and complication rates.
In a series of 35 patients with Seinsheimer type 3-5 comminuted subtrochanteric fractures, Saini et al. [2] used PFLP. All patients achieved union, which occurred in an average of 15.6 weeks. There were two cases of delayed union, one case of malunion, and two cases of shorthening of 1 cm. The authors concluded that the precontured nature of PFLP avoided malreduction and additional inferomedial Kickstand screw offered additional support to prevent collapse. Similarly, Zha et al. [25] performed PFLP on 110 cases with intertrochanteric and subtrochanteric fractures (22 cases were A1, 70 cases were A2, and 18 cases were A3), and reported implant breakage in one case, nonunion in one case, and superficial infection development in two cases. The authors found that PFLPs might be a feasible alternative for the treatment of intertrochanteric and subtrochanteric fractures. Oh et al. [20] used PFLP in 20 cases with subtrochanteric fractures and reported a mean union time of 20 weeks without any case of implant failure. The authors demonstrated that these findings might be attributed to the use of a total of six locked screws which fixed the femoral head and the choice of minimally invasive osteosynthesis.
On the other hand, Wirtz et al. [3] used PFLP in 19 patients (mean age: 59 years) with trochanteric fractures and reported secondary varus collapse in four patients, cut out in two patients, and proximal screw fracture in one patient. The authors suggested that the small size and number of proximal screws, which may have been insufficient to provide stable fixation of the proximal fragment might be the reason for the high failure rate (37%). .367
Similarly, Streubel et al. [26] used PFLP in patients who had OTA 31-A3 intertrochanteric fractures (mean age: 56 years) and reported a cumulative failure rate of 33% at 12 months. The high rate of failure in this study can be attributed to the use of two or three screws for fixation of the proximal part. Glassner and Tejwani [27] reported failure in seven of 10 patients who underwent PFLP. Of these seven cases, two were with acute pertrochanteric fractures, one with a periprosthetic fracture at the site of a prior hip fusion, one with an early failure of a compression hip screw, and three with nonunion. The authors reported plate breakage in two cases, loss of fixation in three cases, and a combination of loss of fixation and screw breakage in two cases. In this study, the heterogeneity of primary diagnosis of the patients appears to be the main cause of treatment failures.
We used at least four screws with a thickness of 6.5 mm in the PFLP group which may explain the higher union rate (90%) in our study. In addition, the decrease in bone quality with increasing age may increase the incidence of implant failures. We believe that the lower mean age of our patients (49 years in the PFLP group, and 45 years in the APB group) compared to the previous series [3, 26] might be an another reason for the high union rate of our study (90% in PFLP, 88% in ABP, respectively). We should state that the fracture area should be opened during the conventional application of these ABPs. [5] This, in turn, may impair the vascularity of bone, and thus, the union process. On the other hand, Çelebi et al. [14] reported successful results using ABP with minimally invasive technique. In both group, we gave great caution to preserve the vascularity of bone using minimally invasive technique. This also may explain the high union rate of our series. In our study, the mean time to union was 17 weeks, and 18 weeks in the in the PFLP group and ABP group, respectively. The mean Harris hip scores were 74.34 and 70.22 in the PFLP and APB groups, respectively. Our results are consistent with the literature data. [2, 20] On the other hand, there are some limitations to this study. Firstly, it was in a retrospective design with a relatively small sample size. Secondly, we were not able to compare the subgroups of the AO/OTA 31-A3 intertrochanteric fractures e.g. osteoporotic fractures. [28] However, further studies consisting of homogeneous subgroup types with similar degree of osteoporotic bone can reveal more accurate results on indications and effectiveness of PFLP and ABP.
In conclusion, in the present study, we imply that PFLP and ABP have similar functional and radiological results in the treatment of AO/OTA 31-A3 reverse intertrochanteric fractures with fracture line extending to the greater trochanter. Therefore, we believe that in certain situations which are challenging for intramedullary nailing, the ABP or PFLP can be used as a good alternative; although ABP may be preferred mostly to reduce cost.
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